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The kinetics involved in the reaction pathways of transition metal-
catalyzed carbon-carbon bond activation reactions can provide key 
insights into the mechanism. Previous work has shown that pyridyl 
ketones undergo rhodium-catalyzed decarbonylation reactions.1 The 
determination of the mechanistic pathway of this reaction could 
allow for the knowledge necessary for exploring alternative 
reactivity. Utilizing in situ Fourier Transform Infrared Spectroscopy 
(FTIR) and Nuclear Magnetic Resonance Spectroscopy (NMR), 
kinetic analysis of the decarbonylation reaction is being performed 
with various substituted pyridyl ketones. Initial rate constants will be 
used to compare the electronic effects of substituents, providing 
insight of the intermediates involved. 
1) Lei, Z.; Li, H.; Li, Y.; Zhang, X.; Chen, K.; Wang, X.; Sun, J.; Shi, Z. Angew. Chem., Int. Ed., 2012, 51, 2690 Kinetic Analysis: FTIR
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Kinetic Analysis: 1H NMR
2) Gregerson, C. ; Trentadue, K.; Phipps, E. J.; Kirsch, J. K.; Reed, K.; Dyke, G.; Jansen, J.; Otteman, C.;    
Stachowski, J.; Johnson, J. Org. Biomol. Chem. 2017, 15, 5944.
3) Dennis, J. M.; Compagner, C. T.; Dorn, S. K.; Johnson, J. B. Org. Lett. 2016, 18, 3334.
•The Johnson lab focuses on the activation of carbon-carbon (C-C) 
single bonds with specific directing groups and transition metals 
•Previous research found quinoline directing groups to be 
successful in activation and functionalization of the C-C bond2,3
•Current goal of the project is to understand and develop similar 
methodologies using a pyridyl ketone
rate = k[SM][Rh]
k = 6.53 x 10-3 M-1 s-1
• There are two 
potential 
mechanistic 
intermediates 
dependent upon 
different C-C bond 
activation during 
oxidative addition
• Once determined, 
this intermediate 
could be intercepted 
to extend this 
reaction beyond 
decarbonylation
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Future Work
•Continue optimization of kinetics methodology for NMR and FTIR
•Confirm the initial rate constant for the decarbonylation reaction of the 
pyridyl ketone
•Determine the intermediate and general mechanistic pathway of this 
decarbonylation reaction
•Expand the known reactivity of the pyridyl ketones
• A variety of 
substituents are being 
explored to compare 
the effects of 
electronics on the rate 
of decarbonylation
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• Electron-donating and 
withdrawing groups are 
expected to differentially 
affect the rate of reaction 
due to resonance-
stabilization of the 
starting material or 
intermediates
•Initial analysis at high temp with NMR showed two kinetic profiles
•In situ FTIR showed two Rh-CO (2000-2100 cm-1) peaks forming 
at similar rate to the reduction of the carbonyl peak (1700 cm-1)
CH3R2 =
Initial NMR data is consistent with a rate law that is first order in both 
catalyst and substrate concentration. Additional experiments will 
provide k with a greater degree of accuracy.
Results
Initial testing of substrates 
suggests that electron-donating 
groups at the R2 position increase 
the rate of reaction.
The Hammett plot suggests 
that there is a positive 
charge built up in the 
transition state of this 
reaction.
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